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NUMERICAL SIMULATION OF TIDAL CURRENT AND NUTRIENT DISTRIBUTION IN 
MAIZURU BAY BY MULTI-LEVEL BAROCLINIC MODEL 
 
 
Hidetoshi Ikeno1 and Hiroshi Miwa2 
 
 
ABSTRACT 
 
In order to understand current condition of water environment and investigate improvement methods 
for water quality in inner bays, it is important to clarify characteristics of the flow field and the 
circulation process of nutrients. Maizuru Bay has complex shape that the Northern part with bay-
mouth is quite narrow, and the Southern part is separated into West and East bays. Due to this 
complex structure, the tidal exchange with the Japan Sea is not always enough, and a deterioration 
of the water quality in the Bay has been concerned. In particular, COD, T-N (total nitrogen) and T-P 
(total phosphorus) have not shown continuous achievement of the environmental standards 
according to the development of industries and high-consumption human lifestyles. In this study, we 
investigated characteristics of tidal current and distributions of nutrients in Maizuru Bay by the 
multi-level baroclinic model, which can consider the water density distribution caused by spatio-
temporal changes of temperature and salinity. The flow field of tidal current and the distributions of 
temperature, salinity and nutrients were simulated in case of the summer with temperature 
stratification. 
 
 
1. INTRODUCTION 
 
Coastal complex flow field in inner bays causes deteriorations of water quality and lowering of 
efficiency in natural purification. In order to investigate and evaluate the water environments of the 
bay area, it is effective to combine the fixed-point observation and mathematical analysis by 
numerical model. This approach is also useful for studies on improvement methods of water quality. 
That is, it is important for upkeep of water environment to select and develop the appropriate 
numerical model to describe the mechanisms of flow field and nutrients distributions. 
Maizuru bay located in the mid-west of Japan has two-forked shape and two populated areas 
are located in the penetralia of each branch. A plenty of nutrients are discharged from the sewage 
plants and these city zones, so it is concerned that the eutrophication causes adverse effects on 
coastal environment and aqua-farm. In our previous study, it has been investigated spatio-temporal 
characteristics of flow field and nutrients distribution in autumn by a numerical model simulation 
(Ikeno et al., 2000). The basic mechanism of eutrophication in the bay was clarified by the study. 
However, the model could not apply to the analysis in summer and winter because the (inverse) 
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stratification forms in these seasons. Stratification is caused by variation and distribution of water 
density, so the model has been expected to consider the spatio-temporal distributions of temperature 
and salinity, which are dominant factors to determine water density. 
In this study, our numerical model is improved to consider the temperature and salinity 
distributions. The simulation results by our new model show that stratification can be caused by the 
distributions of these factors in summer. Gradients of vertical profile in these values tend to steep in 
the inner bay area as same as observation. Under this condition, it is shown that concentrations of 
nutrients, such as nitrogen and phosphorus, are quite high especially in closed-sections of the bay. 
 
 
2. GENERAL VIEW OF MAIZURU BAY 
 
Maizuru Bay is located in the north of Kyoto prefecture, the mid-west of Japan, is the inlet of Japan 
Sea. The bay forms typical inner bay, which is separated in the North bay, the West bay and the East 
bay as shown in Figure1. The catchment area of this bay is 178 km2 and the surface area is 23.4 km2 
(North bay: 4.2, West bay: 8.3, East bay: 10.9). The average depth of the North, West and East bays 
is 27m, 10m and 10m respectively. The tidal range is approximately 0.35m. The wave height is not 
measured because it is so small. The velocity of tidal currents is 5 to 20cm/sec. 
Maizuru Bay has a narrow bay-mouth and a long distance to the inner coast. Thus, flow seems 
to be disturbed by an island, Toshima, which is located in center of the bay. Therefore, seawater in 
the bay (in particular, the inner West and East parts) is not actively exchanged with it in the ocean. 
Populous, business and industrial areas are concentrated in two districts, East Maizuru and West 
Maizuru. Sewage mainly flows into the West and East bays from the sewage disposal plants located 
in these two districts. Consequently, the pollution level of seawater in the inner bay tends to be 
higher than that in the outer region. It is a fact that the concentrations of nitrogen and phosphorus in 
the West and East bays are getting over the conservation values of natural environment (Daido et al., 
1998). 
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Figure 1 Location and map of Maizuru Bay. 
 
 
3. GOVERNING EQUATIONS 
 
The mathematical model of Maizuru Bay consists of two formulations; one is described for flow 
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field, and the other for distribution of nutrient concentration. Effects of the density deviation are 
considered in the flow field calculation. 
 
3.1 Flow Field 
 
The governing equations, which are used in the numerical model of flow field, are consisted by the 
Navier-Stokes equations after Reynolds averaging, assuming hydrostatic pressure and applying 
Boussinesq approximation. The momentum equations are 
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and the continuity equation for incompressible fluid is 
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where u, v, w = velocity components in the horizontal x, y directions and vertical z direction, 
respectively, f = Coriolis parameter, p = pressure, ρ0 = standard density of water (1000kg/m3), ρ = 
density of seawater, Ahx and Ahy = horizontal kinetic eddy viscosities for x and y direction, 
respectively, Av = vertical kinetic eddy viscosity and g = gravitational acceleration. 
The density of seawater is defined as follows: 
 
 ρρρ Δ−= 0  (5) 
 
where Δρ = density deviation. From eqs.3 and 5, the pressure is expressed by the following equation 
(Iwasa et al. 1983). 
 
 ∫−Δ−= ζ ρζρ z gdzgp 0  (6) 
 
where ζ = water surface elevation above an undisturbed water level. The first term of the right side 
is the barotropic component and the second one is the baroclinic one. The density of seawater is 
mainly governed by temperature and salinity, which are described by the following advection-
diffusion equations respectively. 
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where T = temperature (°C), Kh = horizontal diffusion coefficient, Kv = vertical diffusion coefficient, 
qz = heat generation due to solar radiation, S = salinity (‰). The density of sea water is expressed as 
the following equation (Nakatsuji, 1994). 
 
 )35)(002.0802.0(00469.00735.014.28)/(1000 23 −−+−−=− STTTmkgρ  (9) 
 
The density deviation is calculated by the following equation: 
 
 ρρρ −=Δ 0  (10) 
 
It is obtained an equation for ζ by integration of eq.4 over the water column and combination 
of the kinetic boundary condition at the free surface, as shown here 
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where H = depth of the bottom boundary measured from the undisturbed water level. 
 
3.2 Distributions of Nutrient Concentration 
 
The governing equation for each scalar constituent is written by 
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where c = scalar concentration, Dh = horizontal diffusion coefficient for x and y direction, 
respectively, Dv = vertical diffusion coefficient and Rc = biochemical reaction equation for the scalar 
constituent. The scalar constituents (COD, DO, O-N, I-N, O-P, I-P) are related as shown in Figure 2 
(Kuramoto and Nakata, 1992). Their biochemical reaction equations are expressed as follows (Horie, 
1987): 
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Figure 2 Nutrient cycle model. 
 
where ON, IN, OP and IP = concentration of O-N, I-N, O-P and I-P, respectively. G and GN = 
growth rate of phytoplankton for I-P and I-N, respectively, BO = oxygen uptake rate by 
decomposition, B* = decomposition rate of COD, O-N and O-P, S* = settling rate of COD, O-N and 
O-P, R* = release rate of COD, I-N and I-P, L* = external load of COD, O-N, I-N, O-P and I-P, A = 
reaeration constant, DB = oxygen uptake rate by seabed sediment, HOWA = saturated oxygen 
concentration, β = COD conversion factor and γ = DO conversion factor. 
 The growth rate of phytoplankton G and GN are calculated by the following equation (Horie, 
1987). 
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where kP, kN = half saturation factor of I-P and I-N, respectively. μI and μT mean effects of the 
illumination and seawater temperature on the growth rate of phytoplankton, respectively. They are 
expressed as follows (DiToro et al., 1971, Furukawa and Hosokawa, 1994): 
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where I = illumination, Iopt = optimum illumination, β0 = absorption rate at sea surface, Ar = albedo, 
QSO = amount of solar radiation, κ = damping coefficient, kGα1 and kGβ1 = constants. Values for these 
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parameters are shown in Table 1. 
 
Table 1 Parameters and their values in nutrient cycle model. 
 
Reaction Item Value Reaction Item Value 
kN  (mg/l)    2.85 BN  (1/day)    0.04 
kP  (mg/l)    0.095 
Decomposition BP  (1/day)    0.04 
β 0    0.5 SC  (m/day)    0.072 
Ar    0.06 SN  (m/day)    0.3 
κ   (1/m)    0.5 
Settling 
SP  (m/day)    0.3 
kGα1  (1/day)    0.59 RCOD (mg/m2/day)  44 
kGβ1    0.0693 DB  (mg/m2/day) 390 
β  72 RIN  (mg/m2/day)    7 
Production 
γ  62 
Deposit 
RIP  (mg/m2/day)    1 
BC  (1/day)    0.05 A   (1/day)    0.1 Decomposition BO  (mg/m2/day)    0.024 Aeration HOWA  (mg/l)    7.23 
 
 
4. SIMULATION METHOD AND CONDITIONS 
 
The governing equations are transformed into the discrete forms with finite volume method for 
staggered grids in Cartesian coordinate, and calculated by explicit method (Press, 1988). The grid 
size in longitudinal (Δx) is 125 m, that in lateral (Δy) is 125 m and that in vertical (Δz) is 2 m. The 
numbers of grid are 65 by 86 for horizontal direction and 20 layers for vertical direction. The 
horizontal mesh and water depth distribution are shown in Figure 3. The time increment (Δt) is taken 
as one second for calculation of flow field and as 180 seconds for calculation of nutrient 
distributions. 
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Figure 3 Horizontal mesh and water depth. 
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The Coriolis parameter is given as f = 2ωsinϕ , where ϕ = latitude and ω = rotating angular 
velocity of the earth, which is equal to 2π /24hr. ϕ = 35.5 degrees is adapted in this study. The sear 
stress at sea surface due to wind is estimated by following equations, 
 
 222 yxxaasx WWW += ργτ  ,  222 yxyaasy WWW += ργτ  (22) 
 
where ρa = density of air, Wx, Wy = x and y components of wind velocity and γa2 = 1.3×10-3. The bed 
shear stress is estimated by 
 
 220
2 vuubbx += ργτ  ,  2202 vuvbby += ργτ  (23) 
 
where u and v = velocity components at bottom column and γb2 = 2.6×10-3. 
The solar radiation balance at the sea surface is mainly treated based on the Aki’s method (Aki, 
1975). That is, the heat quantity which is absorbed at the sea surface is expressed as follows: 
 
 LSO QQQ −= 0β  (24) 
 
where QS = solar radiation which goes into sea surface and QL = heat loss at sea surface. QS is 
expressed as follows: 
 
 ( ) SOrS QAQ −= 1  (25) 
 
As for QS, β0QS is absorbed at the sea surface and (1-β0)QS is propagated into the water. Therefore, 
the solar radiation at z−ζ  in depth is  
 
 ( ) ( ){ }zQQ Sz −−−= ζκβ exp1 0  (26) 
 
On the other hand, QL is expressed as 
 
 raceL QQQQ ++=  (27) 
 
where Qe = heat loss due to evaporation, Qc = heat loss due to conduction and Qra = heat loss due to 
reverse radiation. These parameters are given as follows: 
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where the unit for Qe, Qc and Qra is kcal/m2/day, W = wind speed at 15 m above sea surface (m/sec), 
ρ = density of seawater (kg/m3), es = saturation vapor pressure for water temperature at sea surface 
(mmHg), ea = saturation vapor pressure for temperature (mmHg), Φ = relative humidity (1 at 100 %), 
Lv = latent heat of vaporization (kcal/kg), cp = specific heat of seawater (kcal/kg/°C), Ts = water 
temperature at sea surface (°C), Ta = temperature (°C), K = Stefan-Boltzmann constant (1.171×10-6 
kcal/m2/day/K), Tw = water temperature at sea surface (K), TA = temperature (K) and C = cloud 
amount (1 at 100 %). Lv = 590 kcal/kg, cp = 0.94 kcal/kg/°C are used in the simulation. es and ea are 
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calculated from following equations (Kondo, 2000). 
 
 )7.273/(5.7101078.6 ss TTse
+×=  ,  )7.273/(5.7101078.6 aa TTae +×=  (30) 
 
The heat generation due to solar radiation in eq.7 is give as  
 
 
dz
dQ
c
q z
p
z ρ
1=  (31) 
 
The amount of evaporation is calculated as following equation. 
 
 ( )qqUCE sEa −= 10ρ  (32) 
 
where CE = bulk transfer coefficient of evaporation, U10 = wind speed at 10 m above sea surface, qs 
= saturation specific humidity for water temperature at sea surface and q = saturation specific 
humidity for temperature. qs and q are given as follows: 
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where p0 = atmospheric pressure and e = vapor pressure of air which is expressed as follows: 
 
 aee Φ=  (34) 
 
In the computation of flow field, the tidal level at open boundary was provided at each 
calculation time step by ocean tide model, Naotide (Matsumoto, 2000). The application method of 
Naotide is presented by Ikeno and Miwa (2005). The horizontal kinetic eddy viscosity Ah is 
estimated with Richardson's 4/3 power law, 
 
 3/401.0 xAhx Δ=  ,  3/401.0 yAhy Δ=  (35) 
 
where the unit for Ahx and Ahy is cm2/sec, and that for Δx and Δy is cm. The vertical kinetic eddy 
viscosity Av and vertical diffusion coefficient Kv are evaluated by the stratification function as 
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where Av0 = vertical kinetic eddy viscosity in case without density deviation, Ri = Richardson 
number, which is defined as 
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where U = velocity vector. Av0 = 0.01 cm2/sec is given in the calculation. 
The inflow rates from ten rivers and two sewage disposal plants shown in Table 2 are given in 
the first layer at each boundary. Several weather conditions, such as atmospheric temperature, wind 
velocity, amount of solar radiation, precipitation and so on, are designed within the model. 
 
Table 2 Inflow conditions from rivers and disposal plants. 
 
External load (mg/ l ) Region River Disposal plant
Inflow rate
(m3/sec) COD T-N T-P 
North bay Onyu     0.4   2.458   0.978   0.230 
Kawabe     0.9   0.420   0.566   0.026 
Aseku     0.8   1.427   0.504   0.060 
Siraku 
Sobotani 
    1.4   1.341   0.471   0.056 
Yohoro      1.2   2.374   0.814   0.109 
East bay 
Tera     0.5   1.711   3.020   0.429 
Isazu     3.7   0.673   0.273   0.025 
Takano     1.0   2.676   0.914   0.119 West bay 
Fukui     0.3   2.430   0.791   0.101 
East bay Maizuru East     0.146 17.1 40.0   2.46 
West bay Maizuru West     0.0324 11.2   9.8   0.26 
 
In the calculation of flow field, internal value of ζ is computed from previous ζ and velocity 
values on each calculation time step (Mellor, 1998). From the continuity of change of ζ, external ζ 
value is determined by the average of these internal and previous ζ values. Then, the new velocities 
are calculated from previous ζ and velocity values. After application of slip condition on velocities 
at close boundary points, internal time for calculation is advanced one step. 
The distributions of scalar concentrations are obtained from the tidal current and inflow 
conditions of water and nutrients (COD, T-N and T-P). The horizontal and vertical diffusion 
coefficients are given as Kx = Ky = 1.0×105 cm2/sec and Kz = 0, respectively. The external loads of 
scalar constituents are also given at the same points as the inflow of water. The inflow rates of water 
and the external loads of nutrients are given in Table 2. 
We applied non-slip condition to the all of closed boundary point in the case of flow field 
calculation. Under the assumption of continuity, temperature, salinity and concentrations of nutrients 
on the boundary points are configured to have same values with adjacent calculation point. Nutrient 
distributions of north, east and west parts of bay are roughly estimated by measurement values of 
observatories located in each area. Then, the initial condition of flow field and concentrations are 
adjusted by ten days calculation under July of 1992’s weather condition. Evaluations of simulation 
results have been done by values after 12 days calculation from 1st of August, 1992. The daily 
average meteorological data were given in the simulation. 
All of simulation program is coded by ANSI-C programming language. Numerical simulation 
is executed on the personal computer (CPU: Pentium4, clock speed: 3GHz, w/1GB memory, 200GB 
HDD, Vine Linux 3.2). Simulation results are visualized by using, Ngraph (shareware), Gsharp 
(Japan Information Processing Service), Noésys (Research Systems) and Windows Draw 
(Micrografx). 
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5. SIMULATION RESULTS AND DISCUSSIONS 
 
The simulation results of flow fields and nutrients distributions are compared with measurement 
data provided by Japan Oceanographic Data Center (JODC) and Kansai Electric Power Co., Inc. 
(KEPCO). The measurement sites of tidal level, temperature, salinity and nutrients are pointed in 
Figure 4. The locations of the ten river mouths and the two sewage disposal plants are also shown in 
the figure. 
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Figure 4 Measurement sites of tidal level, temperature, salinity and nutrients concentrations. 
 
5.1 Flow Field 
 
The comparison of simulation result of temporal variation in tidal level with measurement results 
from July 22 to August 12 is shown in Figure 5. The blue circle shows the measurement value and 
the red line shows the simulation result. The temporal changes of tide are reproduced well, but there 
are some differences in July 30 to August 1 and August 4 to 8. The reason of this difference in this 
term has not been revealed yet. However, it is considered that the flow pattern can be calculated 
suitably because the timings of flood tides and ebb tides by the simulation show the same tendencies 
with measurements. 
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Figure 5 Comparison of simulation result with measurement values for variation in tidal level. 
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Figure 6 shows the simulation results for the ebb and flood tidal currents on August 11. The 
horizontal components are shown in the figure. Both tidal currents are strong in the North bay, but 
are weak in the West and East bays. It has been confirmed that the vertical components of the 
currents are one or two digit(s) weak compared with the horizontal components. The horizontal 
residual flow at 3 m and 13 m below sea surface on that day are shown in Figure 7. Some 
circulations are seen near the Toshima. The counterclockwise circulation at north of Toshima is 
considerably large, and still remains at 13 m below sea surface. The residual flows at the inner part 
of the West and East bays are very weak and their directions differ in each point. It has been 
confirmed that these tendencies are found on any days. 
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10 (cm/sec)
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Figure 6 Ebb and flood tidal currents at 3 m below sea surface (August 11, 1992). 
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Figure 7 Horizontal residual flows at 3 m and 13 m below sea surface (August 11, 1992). 
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Figure 8 shows vertical distributions of temperature and salinity at each station in Figure 4. 
The red circles and solid lines show the measurement values and simulation results of temperature, 
respectively. The measurements show that the water temperature rises gradually toward the sea 
surface and that the thermal stratification has developed but the thermocline does not form in the bay. 
Furthermore, the temperatures of upper layers in the West and East bays are higher than that in the 
bay-mouth area, and the temperature gradient is also much steeper. This reason is that the water 
depth is small and that the water exchange to the ocean is not active. The simulation results express 
well these tendencies. On the other hand, the blue triangles and break lines show the measurement 
values and simulation results of salinity, respectively. The salinity falls gradually toward the sea 
surface and this tendency is strong in the West and East bays than the bay-mouth area. This property 
may be caused by the effects of inflow of freshwater from rivers. The simulation results express well 
these tendencies. 
From these results, the distribution of water density could be described well, and nutrients 
distributions in the bay area are estimated by this model with temperature, salinity and density 
stratification in the summer. 
 
30
25
20
15
10
5
0
31 32 33 34
24 25 26 27
S (‰）
z 
(m
）
St.35
T (℃）
30
25
20
15
10
5
0
31 32 33 34
24 25 26 27
S (‰）
z 
(m
）
St.37
T (℃）
30
25
20
15
10
5
0
31 32 33 34
24 25 26 27
S (‰）
z 
(m
）
St.39
T (℃）
30
25
20
15
10
5
0
31 32 33 34
24 25 26 27
S (‰）
z 
(m
）
St.40
T (℃）
30
25
20
15
10
5
0
31 32 33 34
24 25 26 27
S (‰）
z 
(m
）
St.41
T (℃）
  
30
25
20
15
10
5
0
31 32 33 34
24 25 26 27
S (‰）
z 
(m
）
St.42
T (℃）
30
25
20
15
10
5
0
31 32 33 34
24 25 26 27
S (‰）
z 
(m
）
St.43
T (℃）
30
25
20
15
10
5
0
31 32 33 34
24 25 26 27
S (‰）
z 
(m
）
St.44
T (℃）
30
25
20
15
10
5
0
31 32 33 34
24 25 26 27
S (‰）
z 
(m
）
St.45
T (℃）
30
25
20
15
10
5
0
31 32 33 34
24 25 26 27
S (‰）
z 
(m
）
St.46
T (℃）
Meas. Simu.
T
S
 
 
Figure 8 Comparison of simulation results with measurement values for vertical distributions of 
temperature and salinity (August 12, 1992). 
 
5.2 Nutrients Distributions 
 
Figure 9 shows the simulation results for the horizontal distribution of COD concentration at 3 
m and 13 m below sea surface. The concentration at 3 m in depth is found to be considerably high in 
the East bay. This is caused by the inflow of the water with high COD concentration from the 
sewage disposal plant located at the inner part of the East bay. Although the concentration of the 
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inflow water from the West disposal plant is also relatively high as shown in Table 2, the 
concentration in the West bay is not always high because the inflow rate is small. The concentration 
at 13 m in depth is lower than that at 3 m. Therefore, it can be considered that the COD 
concentration of the inflow water is mainly transported in horizontal direction. The simulation and 
measurement results for the vertical distributions of COD concentration at some stations are shown 
in Figure 10. The station number is indicated in Figure 4. It is shown that the concentration of COD 
at the upper layer gradually decreases toward the bay-mouth. 
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Figure 9 Simulation results of COD distribution (August 11, 1992). 
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Figure 10 Simulation results with measurement values for vertical distributions of COD. 
 
Figure 11 shows the simulation results for the horizontal distribution of DO concentration. The 
concentration at 3 m in depth is relatively high at the East bay and south zone of the West bay. On 
the other hand, the concentration at 13 m in depth is relatively high at the North bay. This means 
that although vertical distribution of DO concentration is nearly uniform at the bay-mouth, the 
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distribution shows large gradient at the West and East bays. The simulation and measurement results 
for the vertical distributions of DO concentration are shown in Figure 12 as well as COD. It can be 
found that the DO concentration at upper layer gradually increases toward the end of the bay. This is 
caused by the promotion of the DO generation. That is, the water temperature is easy to increase 
because the West and East bays are very shallow. Therefore, DO is also easy to be generated. The 
DO concentration usually decreases with COD generation. However, it can be considered that the 
generation of DO predominates over the consumption of DO in the West and East bays. 
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Figure 11 Simulation results of DO distribution (August 11, 1992). 
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Figure 12 Simulation results and measurement values for vertical distributions of DO. 
 
Figures 13 and 14 show the simulation results for horizontal distributions of T-N and T-P 
concentrations, respectively. The concentrations of T-N and T-P at 3 m in depth are relatively high 
in the West and East bays compared with the North bay because the water including nitrogen and 
phosphorus is drained from the sewage disposal plants located at the inner parts of the West and 
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East bays. Although these concentrations gradually decrease toward the bay-mouth, the 
concentrations in the East bay are kept in high values. The effect of inflow of nitrogen and 
phosphorus from rivers on their concentrations in the Maizuru Bay is relatively small. However, the 
inflow from the Tera River may affect the high concentration in the East bay because both nitrogen 
and phosphorus indicate the high value compared with the other rivers as shown in Table 2. 
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Figure 13 Simulation results of T-N distribution (August 11, 1992). 
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Figure 14 Simulation results of T-P distribution (August 11, 1992). 
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The formation of high concentration areas in the West and East bays are caused by not only 
inflow of high concentration water but also an insufficiency of seawater exchange. That is, the tidal 
currents in the West and East bays are considerably weak even if the tides are ebb and flood as 
shown in Figure 6. These results show that the spreads of nutrient concentrations are very slow in 
the inner parts of the bay, and actions for decontamination of T-N and T-P should be applied in 
these areas. 
At last, the comparison of calculation results with measurement values for concentrations of 
COD, DO, T-N and T-P are listed in Table 3 and Table 4. The “Station No.” in both tables denotes 
the observatory station numbers in Figure 4. The “Upper layer” denotes the location of 0.5 m below 
the sea surface for measurement and 1 m below for calculation. The “Middle layer” and “Lower 
layer” denote the location of 5 m below the sea surface and 1 m above the sea bed, respectively, for 
measurement and calculation. The measurement of COD had been conducted by using the acid 
permanganate method. 
 
Table 3 Calculation results and measurement values for concentrations of COD and DO 
 
Meas. Cal. Meas. Cal. Meas. Cal. Meas. Cal. Meas. Cal. Meas. Cal.
35 2.7 2.6 2.1 2.6 1.9 2.4 7.2 7.0 7.0 7.0 6.5 6.4
A 2.3 2.6 1.8 2.5 2.1 2.4 7.3 7.0 7.2 7.0 6.1 6.4
37 2.1 2.6 1.7 2.5 1.8 2.4 7.2 7.0 6.9 7.0 6.1 6.4
47 2.0 2.6 1.7 2.5 2.4 2.3 7.4 7.0 6.9 7.0 6.8 6.6
39 2.6 2.5 1.8 2.4 2.2 2.2 7.6 7.1 7.2 7.0 6.0 6.3
40 2.0 2.5 1.9 2.4 1.6 2.1 7.6 7.1 6.9 7.0 6.6 6.5
41 2.8 2.4 1.9 2.3 1.8 1.9 7.9 7.2 7.2 7.1 5.9 6.3
42 1.9 2.2 2.4 2.2 2.2 1.7 7.4 7.3 7.4 7.1 6.7 6.0
45 2.2 2.3 2.4 2.2 2.5 1.7 8.1 7.5 7.3 7.2 5.6 6.0
43 2.6 2.4 2.5 2.3 1.7 1.8 7.8 7.5 7.2 7.3 5.5 6.2
44 2.7 2.8 2.4 2.7 3.2 2.7 8.2 8.0 6.6 7.5 4.7 7.5
46 3.2 3.3 3.0 2.7 2.1 1.8 8.6 8.3 6.2 7.6 5.2 6.0
Lower layer
DO (mg/l)
Station
No. Upper layer Middle layer
COD (mg/l)
Lower layer
East bay
West bay
North bay
Part of
Maizuru
Bay
Upper layer Middle layer
 
 
 
Table 4 Calculation results and measurement values for concentrations of T-N and T-P 
 
Meas. Cal. Meas. Cal. Meas. Cal. Meas. Cal. Meas. Cal. Meas. Cal.
35 0.18 0.19 0.22 0.19 0.24 0.17 0.014 0.014 0.012 0.014 0.016 0.013
A 0.22 0.19 0.18 0.19 0.21 0.17 0.012 0.015 0.013 0.015 0.012 0.014
37 0.19 0.19 0.24 0.20 0.32 0.18 0.014 0.015 0.013 0.015 0.018 0.014
47 0.19 0.20 0.14 0.20 0.20 0.20 0.016 0.016 0.013 0.016 0.012 0.015
39 0.36 0.21 0.39 0.22 0.31 0.21 0.017 0.017 0.014 0.017 0.022 0.017
40 0.18 0.22 0.35 0.22 0.22 0.22 0.016 0.018 0.017 0.018 0.015 0.017
41 0.29 0.23 0.25 0.24 0.30 0.25 0.019 0.018 0.024 0.020 0.020 0.020
42 0.32 0.22 0.31 0.26 0.14 0.29 0.017 0.018 0.018 0.022 0.014 0.023
45 0.31 0.23 0.26 0.27 0.24 0.31 0.025 0.019 0.024 0.022 0.026 0.025
43 0.27 0.25 0.23 0.29 0.18 0.29 0.022 0.020 0.019 0.023 0.018 0.023
44 0.38 0.31 0.27 0.36 0.32 0.36 0.040 0.024 0.032 0.028 0.033 0.028
46 0.36 0.38 0.34 0.37 0.25 0.36 0.030 0.031 0.039 0.029 0.038 0.028
East bay
West bay
Station
No. Upper layer
T-N (mg/l)Part of
Maizuru
Bay
North bay
Lower layer
T-P (mg/l)
Upper layer Middle layerMiddle layer Lower layer
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The concentrations of COD tend to be overestimated in comparison with measurement values 
in the North bay, but they are estimated adequately in the East bay as shown in Figure 10. The 
concentrations of DO are estimated adequately all over the Maizuru Bay, and the spatial change of 
vertical profile can be evaluated as shown in Figure 12. The distributions of T-N and T-P are 
characterized by formation of the high concentration zone at the inner parts of the West and East 
bays. The simulation results show same tendencies about these nutrient distributions. 
 
 
5. CONCLUSIONS 
 
We investigated characteristics of tidal flow field and distributions of temperature, salinity and 
nutrients in Maizuru Bay through the numerical simulation by using the multi-level balocrinic model. 
The simulation was conducted for August of 1992. The results obtained in this study are 
summarized as follows: 
   1. The counterclockwise circulations are formed at the north and south of Toshima. Water flow is 
interfered by the island, so the tidal current in the West and East bays are considerably weak. 
These flows cause exchanging of water and nutrients in the bay with the Japan Sea, but it is not 
enough for decontamination in the inner parts of bay. 
   2. The calculation results of temperature and salinity distributions are well accorded with the 
measurement values. The model can be applied to the estimation of spatio-temporal properties 
of water conditions in Maizuru bay. 
   3. The simulation results of DO and COD indicate the similar tendencies to the measurement 
values. Spatial properties for these values may give us the principle for improvement of water 
quality. 
   4. The simulation and measurement results show that the concentrations of T-N and T-P at the 
surface layer in the East and the West bays are relatively high, because water drained from the 
sewage disposal plants contains a large amount of nitrogen and phosphorus. These nutrients are 
diffused gradually toward the Northern part. However, relatively high concentrations areas are 
still remained on the stagnation areas in these bays. 
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